Interleukin (IL)-12 family is a group of cytokines composed of heterogeneous molecules and whose members include IL-12, IL-23, IL-27, and IL-35. IL-12 family bridges natural and adaptive immune responses and especially plays a significant role in classical adaptive immune process participated by TH1, TH17, and Treg cells. Members of IL-12 family participate in adaptive immune responses via the Janus kinase-signal transducers and activators of transcription signaling pathway by sharing some subunits and receptors. IL-12 features an extremely complex regulatory network. During resistance of microbial infection, IL-12 and IL-23 mainly show inflammatory effects, whereas IL-27 and IL-35 commonly show antiinflammatory effects. This study reviews advances in studies related to IL-12 family members and infectious diseases and provides references to further reveal functions of IL-12 family members in occurrence and development of infectious diseases.
Interleukin (IL)-12 family refers to a group of cytokines composed of heterogeneous molecules, which are similar in structure and covalently bonded. To date, family members include IL-12, IL-23, IL-27, and IL-35. Numerous studies proved that IL-12 and IL-23 induce expression of interferon (IFN)-γ and IL-7, respectively, to induce inf lammatory effects by regulating Janus kinase-signal transducers and activators of transcription (JAK-STAT) signaling pathway. IL-27 and IL-35 pose antiinflammatory effects by adjusting and controlling the JA K-STAT signaling pathway [1] [2] [3] . Antiinf lammatory effect of IL-27 primarily results from induction of generation of IL-10, whereas antiinflammatory effect of IL-35 is mainly related to induction of generation of IL-35, IL-10, and transforming growth factor-β (TGF-β). Increasing number studies considered that IL-12 plays a significant regulatory function in various human diseases, especially during tumor occurrence and development. IL-12 family crucially bridges natural and adaptive immune responses, especial ly in classical adaptive immunit y participated by TH1, TH17, and Treg cell. Members of IL-12 family became important topics in studies and treatment of infectious diseases. This study reviews recent research progress on IL-12 family and infectious diseases to provide references to further reveal function of IL-12 family members in occurrence and development of infectious diseases.
IL-12
IL-12 was first discovered in 1989 by Trinchieri et al. and named as natural killer (NK) cell stimulatory factor; this molecule is covalently bonded by disulfide bonds of two subunits, namely, P35, Mr 35000 (also named IL-12α) and P40, Mr 40000 (also named IL-12β). In the human body, IL-12 is mainly generated by dendritic cells (DC) and B lymphoblastoid cells stimulated by macrophages and antigens [4, 5] . IL-12 mediates cytotoxic effects of NK cells by inducing IFN-γ expression and promotes mitosis and antiangiogenic effects of T cells. To date, IL-12 is an essential factor in resistance to bacterial and intracellular parasitic infection. This molecule also became the most promising cytokine in treatment of malignant diseases (especially tumors). Studies on mechanism of tumor immune escape considered that IL-12 performs some functions in antitumor angiogenesis activity and reduction of tumor-associated macrophage tumor-supportive activities [6, 7] . IL-12 also plays an important role in occurrence and development of infectious diseases. During hepatitis C virus (HCV) infection, IL-12 promotes proliferation and excitation of NK cells and lymphokineactivated killer cell, induces generation of IFN-γ and tumor necrosis factor α, and enhances clearance of HCV from natural immunity of hosts [8] . Recently, studies of Naderi et al. [9] indicated that IL-12 can be used as gene adjuvant to enhance HCV DNA vaccine nonstructural 3, significantly improving immunogenicity of the vaccine. IL-12 can also be used as gene adjuvant of cytomegalovirus DNA vaccine I E1 to improve immune protection and as molecular adjuvant to stimulate TH1 immune response and reduce production of IL-4 and IL-10 [10] [11] [12] . The new heat shock protein 65 DNA combined with IL-12 DNA therapeutic vaccine can effectively prevent pulmonary tuberculosis and features synergistic effects on chemotherapy drugs against Mycobacterium tuberculosis (MTB) [13] . In hepatitis B virus (HBV) infection, IL-12 enhances antiviral effect of HBVspecific CD8 + T cells [14] . At early stage of inf luenza virus infection, IL-12 inhibits early viral replication and activation of cytotoxic T lymphocytes by inducing early expression of IFN-γ, thereby preventing further development of the disease. Cytokine imbalance caused by continuous HIV-1 infection is an important factor of immunologic defense. High concentration of IL-12 plasmid can effectively reduce HI V-specific humoral immune response by adjusting expression of HIV restriction factor sterile α motif (SAM) and histidine/aspartate (HD) domain-containing protein-1 (type I protein containing SAM and HD structural domains) to resist HIV infection [15] . In mice infected with Leishmania parasite, transfected and recombined IL-12 plasmid can eliminate parasitic infection in the body by promoting generation of INF-γ by T cells, inhibiting production of IL-4, and enhancing NK activity [16, 17] .
IL-23
Through computer prediction, Oppmann et al. [18] discovered that a protein of Mr 19000 can be combined with p35 subunit of IL-12. When Mr 19000 functioned alone, no biological activity was observed. However, when covalently bound to p35 subunit, some biological activity similar to that of IL-12 occurred. Accordingly, IL-23 was discovered. IL-23 is mainly secreted by activated DC and macrophage cells. Similar with IL-12, IL-23 can also induce IFN-γ and T cell proliferation. In addition to sharing IL-12Rβ1, IL-12 and IL-23 receptors possess their own unique subunits. IL-12Rβ2, the other receptor of IL-12, is mainly expressed in NK cells and γδT cells. IL-23R is restrictedly expressed in T cell subsets, a few B cells, and lymphocytes [19] . As inflammatory cell, IL-23 acts on memory T cells, affecting immune, potential antitumor, and antiinfection responses. IL-23 can effectively stimulate differentiation and excitation of TH17 cell subset [20] . TH17 cells refer to CD4 + T + cell subsets of specific secretory IL-17.
In addition to IL-17, IL-21 and IL-22 are the major cytokines secreted by TH17 cells [21] , which play an important role in pathogenesis of inflammatory diseases, such as experimental autoimmune encephalomyelitis, rheumatoid arthritis, and colitis. In recent years, increasing studies showed that IL-23 plays an important role in resistance to bacteria, parasites, viruses, and fungal infection. Kagami et al. [22] illustrated that IL-23 is one of the indispensable factors determining immune clearance of Candida albicans infection. Verreck et al. observed dual function of macrophages after MTB infection. In the presence of granulocyte macrophage colonystimulating factor, type I macrophages secrete high levels of IL-23 but not IL-12 and promote cellular immune function of organisms and secretion of IL-12 via IFN-γ as a second messenger. However, type II macrophages can secrete IL-10 to reduce cellular immune function of the body, indicating that IL-23 plays an important role in antituberculous immune response participated by macrophages [23] . In the aspect of antiparasitic infection, IL-23 P19 subunit knockout mice were highly susceptible to infection with Pneumocystis jirovecii, and time of removal of bacteria in the body was significantly prolonged [24] . IL-23 was also indispensable in immune process of antituberculosis, antiviral, and antiparasitic infection, which directly involve IL-17 and TH-17. Palma et al. [25] suggested that MTB lipoprotein PstS1 stimulates DC to produce IL-23, induces CD4 + T cells to secrete IFN-γ, IL-17, and IL-22, and participates in antituberculotic immune process directly mediated by IL-17 and TH17. Wang et al. [26] discovered that high expression of T cell immunoglobulin mucin domain-3 protein in monocytes of chronic HCV-infected patients with failed HBV vaccine immunity can regulate generation of IL-12 and IL-23 and mediate IL-17 and THL17 to participate in antiviral immune process. Ishida et al. [27] indicated that in mice infected with Plasmodium, IL-23 is necessary for secretion of IL-17 by mouse CD4 + T cells to resist infection. I L -23 k nockout mice ex hibited low I L -17 level, high parasitemia, and early death.
IL-27
IL-27 comprises EBI3 and p28 subunits. EBI3 and p28 subunits were discovered in 1996 and 1998, respectively. In 2001, Pflanz et al. elucidated IL-27 by biochemical methods, and its receptors were identified in 2004 [28] . IL-27 is mainly generated by antigen-presenting cells, such as activated monocytes and DC and their receptors, IL-27R (also named WSX-1) and gp130, and mainly expressed in the thymus, spleen, and peripheral blood lymphocytes, especially on surfaces of CD4 + T cells and NK cells [28, 29] . Combination of IL-27 and its receptors can activate spleen tyrosine kinase-STAT signaling pathway, upregulate expression of T-bet transcription factor, induce CD4 + T cells to differentiate into TH1 cells, and collaborate with IL-12 to promote initial T cells to produce IFN-γ. During immune response to Plasmodium falciparum infection, IL-27 regulates TH1 cells through its receptor IL-27R pathway to achieve clearance of pathogens [29] . In the course of acute HBV infection, IL-27 promotes elimination of the virus by promoting immune response of TH1. However, in chronic hepatitis B patients, IL-27 enhances inf lammatory response of the liver by promoting virus clearance, which aggravates hepatocyte injury participated by TH17 cells [30] . Recently, Cao [31] observed high expression of IL-27 in sputum and serum of patients with chronic obstructive pulmonary disease and pulmonary tuberculosis; these conditions can induce high expression of CXCL10 in airway epithelial cells. IL-27 inhibits HIV-1 replication in CD4 + T cells and macrophages in an IFN-γ-dependent manner and is assumed an effective inhibitor of HIV-1 infected cells [32] .
IL-35
In 2007, Collison et al. discovered that EB13 and p35 subunits were highly expressed in Foxp3-Treg cells of mice while not expressed in resting or activated CD4 + T cells. The following studies showed that both antigens stimulate human Treg, and nonstimulated mouse Treg can secrete 35, whereas non-antigen stimulated human Treg cannot secrete IL-35 [33, 34] . Toll-like receptor 4 and CD40-activated B cells can also secrete IL-35 [35] . IL-35 is a negative immune regulatory factor playing an important role in inhibiting proliferation of effector T cells, TH17 cell differentiation, and IL-17 composition. Treg-derived IL-35 can induce transformation of CD4 + effector T cells into Treg subsets of specifically secreted IL-35 cells, that is, iTr35 cells, with inhibitory functions [36] . ITr35 cells do not express Foxp3, TGF-β, and IL-10. Studies of adoption of iTr35 cells in autoimmune disease and inf lammatory animal models of five different bodies showed that iTr35 cells posed protective effects on these disease models [36] . Human Treg can also express IL-35 and induce generation of iTr35 cells in IL-35-dependent manner [34] . In recent years, most studies confirmed that IL-35 is highly expressed in tumor microenvironment and may also exist in immune escape jointly participated by tumor-derived IL-35 [37, 38] . IL-35 is highly expressed in colon cancer and is positively correlated with tumor malignancy [39] . Further studies should still determine whether Tregderived IL-35 mediates immune tolerance. Xie et al. [40] noted proinflammatory effects of IL-35 on pathogenesis of viral myocarditis, and overexpression of IL-35 exhibited protective effects against viral myocarditis. Recently, Shen et al. [35] observed deficiency in recovery ability of experimental allergic encephalomyelitis (EAE) medicated by T cell of IL-35 subunit (EB13 or p35) of B cell gene knockout mice but extremely strong ability for anti-Salmonella infection. This finding indicates that secretion of IL-35 by B cells plays cr ucial immunomodulator y effects in E A E and Salmonella infection and is a potential target for treatment of autoimmune and infectious diseases.
Prospective
In recent years, in-depth studies affirmed status of IL-12 family members in infectious diseases. To date, as target for treatment of infectious diseases, IL-12 family members became an important topic in most scientific research. However, w ith simi larit y and diversit y in molecular structure, receptor structure, and function of IL-12 family members, progress in related studies on clinical application is still relatively slow. To determine the balance point of IL-12 family members during microbial infection resistance, all challenges encountered by IL-12 family members during application in disease diagnosis, treatment, and prognosis improvement must be addressed; these issues include designing rational drugs to regulate IL-12 family members and clarifying roles of IL-12 family members in occurrence and development of different infectious diseases.
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